Stabilization of DNA Loop Structures by Large Cations.
The DNA-binding properties of large cations differ from those of metal ions due to steric exclusion from base-paired regions. In this study, the thermal stability of DNA secondary structures, including duplexes, internal loops, bulge loops, hairpin loops, dangling ends, and G-quadruplexes, was investigated in the presence of cations of different sizes. Large cations, such as tetrabutylammonium and tetrapentylammonium ions, reduced the stability of fully matched duplexes but increased the stability of duplexes with a long loop. The cations also increased the stability of G-quadruplexes with a long loop, and the degree of stabilization was greater for low-stability G-quadruplexes. Analysis of the salt concentration dependence indicates that large cations bind to the loop nucleotides, leading to counteracting the destabilization effect on base pairing. It is likely that binding occurs when loop nucleotides are sufficiently flexible to allow for greater accessibility for large cations. These results provide insight into nucleic acid interactions with large cationic molecules and suggest a potential method for stabilizing noncanonical DNA structures under intracellular conditions.